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(54) POLYMER AND PROCESS FOR PRODUCING POLYMER 

(57) The present invention has for its object to pro- 
vide a polymer available upon coupling of polymers of 
radical-polymerizable olefin monomer or monomers 
and a process for producing said polymer. 

The present invention is concerned with a method 
for effecting polymer-polymer coupling in the living radi- 
cal polymerization of a radical-polymerizable olefin 
monomer 

which comprises adding a compound having at 
least two sparingly radical-polymerizable alkenyl groups 
during or after polymerization. 
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Description 
TECHNICAL FIELD 

[0001] The present inventior. relates to a polymer of a rad-rcal-polymerizable olefin monomer and a method of pro- 
ducing the same. 

BACKGROUND ART 

roo021 The art of coupling polymer extension ends to produce a long-chain polymer is known. In the case of anionic 
pZerization coupHng can be e^ced by adding a compound having two e.ectrophilic functional 9;oups. In the c^e 
orcatonic pok^neriLion. coupling can be effected by adding a compound having two nucleophilic functional groups. 
loT Me^hile it ik known that a polymer having a terminal functional group crosslinks by ,tseH or .n the pres- 
Lnce if a s"ta"e curi'ng agent to give a cured product of high hea, resistance and durability. ^VP'-';' 
tWs kind has a temiinal hydroxyl or crosslinkable silyl group. The hydroxy-terminated polymer can be crosslmked and 
cured by us^g a po^unc«onaTisocyanate compound as the curing agent. The crosslinkable sHyl-.em.nated polymer 
gives a cured product by abso*ing moisture in the presence of a suitable condensation catalyst 
t0004) The backbone skeleton of such a pofymer having a tem^inal hydroxyl or <:™^''"kj'''^ ^''^ ^^^^^^^ "^.^ 
eTmple comprise a polyether polymer such as polyethylene oxide, polypropylene oxide, P^'i^^'^-^^'^^yf f 
TheTke a^ydrocarbon polymer such as polybutadiene. polyisoprene, polychloroprene. po^.sobu^ler,e or the like mclu- 
slJ o^he hydrogenation product thereof, or a polyester polymer such as po^e.hylene terephthalate, polybuty^ene 
'e^ephthafate polycaproiac^one orthe like. Depending on the backbone skeletal structure and the mode of crosslinking. 
those polymers have been used in various applications. ^. , . • . „„ „^ „„r,tr=rtoH 

roooBl The an of coupling the molecular ends of vinyl polymers obtainable by radical polymerization, as contrasted 
o s^J couS^ng by ionic pol^erization or polycondensation. has not been fully established on a =o--^l 
yet unlike in ionic polymerization, the direct coupling of radicals at the polymer propagation end is ^^''yj!^^^^ 
TradLl polymerization but because the radical polymerization reaction itself may be controlled only with considerable 

difficultv it is not easy to control the coupling reaction. 

STooei ^ong vinyl polymers. (meth)acryr.c polymers have certain characteristics, such as "^IS "^f ^""S ^^^^^^^^ 
ance and high clarity which are not found in said polyether. hydrocarbon and polyester polymers. Particularly 
"^^^crJ^^p^^Pr. having an alkenyl or crosslinkable silyl group in the side chain have J^^-^l'l^^Z 
leather-resisL pabts. Nevertheless, control of polymerization in the case of acrylic P^^i^^- '^"^^^^^^^^^ '° 
side reactions involved and, as a comllary, the coupling of polymer propagation ends .s " 
rooOT] AS advantages of the coupling reaction, there can be mentioned the increase in molecula weight by chain 
e«e^ion the synthesfs of block copolymer, and the synthesis of polymers having temiinal functiona groups. As cou- 
nrna occurs the molecular weight is increased two-fold in the case of a polymer having one propagation end and the- 
Te^^mZy Tn the polymer has two propagation ends. When a diblock X^friCe'lLl oTa poly 
addition of monomers is caused to undergo coupling, an ABA triblock copolymer is synthesized. In the case of a poly 
mer that 1 pJl^erized using a functtonal group-containing inWator, coupling of propagation ends yields a polymer hav- 

iri" "rr" r r:rn7p"olymer having a crosslinkable functional g^up in the side o^^;^^;^^ 
having a crossrrnkaWe functional group at both tem^inals yields a cured product wrth ^"P«"°;, P^^^"^' P^^^^^'^^, 
Therefore many workers have been exploring for an expedient technology for producing such polymers but it is not 
las^t p/odu" them on a commercial scale. Japanese Kokai Publication Hei.5-2554.5 discloses a P™-- '- P™. 
du fng a'(meth,acrylic polymer having an alkenyl group a. both tem^inals whteh ^^^^-^J-f,;. *f ^^/J,^^^^^^ 
crout«:ontaininq disulfide is used as the chain transfer agent Japanese Koka, Publication He,-5-262808 rfiscoses a 
p o^^s whrcomprises syn«.esizing a (meth) ac^lic polymer having a hydroxy, group at both termina^ ^ using a 
hydroxyl grcup<ontaining disulfide and, by exploiting the reactivity of hydroxyl groups, synthesizing a P°'- 
vmeThalg an alkenyl group at both temiinals. However, these prixesses are not easily amenable to polyme molec- 
r we ght'ltrol. Furthermore, in on^er that a functional group may be certainly ° -^^j^ ~ 

position, the chain transfer agent must be used in a large amount so that said processes are not fully satisfactoiv in 
tenns of process control. 

SUMMARY OF THE INVENTION 

[00O9] in View of the above state of the art, the present invention has for its object to ^"^^.1^^°^^^^^^^, 
upon coupling of polymers of radical-polymerizable olefin monomer or monomers and a process for producing said pol 

ymer. 
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[0010] The present invention, therefore, is concerned with a nnethod for effecting polynner-polynner coupling in the 
living radical polymerization of a radical-polymerizable olefin monomer 

which comprises adding a compound having at least two sparingly radlcal-polymerizable alkenyl groups during or 
5 after polymerization. 

[0011] The compound having at least two sparingly radical-polymerizable aikenyl groups to be thus added is pref- 
erably a compound of the general formula (1 ): 



w 
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R2 



wherein represents a divalent or polyvalent saturated hydrocarbon group of 1 to 20 carbon atoms or a group 
represented by the following general formula (2): 



-c— R-'-c — ( 2 ) 



R* R= 



35 wherein R** represents an oxygen atom, a nitrogen atom or a divalent or polyvalent organic group containing 1 to 
20 carbon atoms; R^ represents a hydrogen atom or a methyl group; 4 R^s may be the same or different; 
r2 and are the same or different and each represents a hydrogen atom or a methyl group. 



[0012] The more preferred is a compound of the general formula (1) 

wherein R^ is preferably an alkylene group of 1 to 20 carbon atoms, 
and still more preferred is a compound of the general formula (3): 



^C-^-CH,^ — ^ ( 3 ) 



55 wherein n represents an integer of 1 to 20. 

[0013] As specific examples, 1 ,5-hexadiene, 1 ,7-octadiene and 1 ,9-decadiene can be mentioned. 

[0014] The living radical polymerization in the present invention is preferably atom transfer radical polymerization. 
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[001 5] The catalyst for atom transfer radical polymerization preferably comprises a metal complex, said metal com- 
plex having the central metal selected from an element belonging to the group 7, 8. 9, 10 or 1 1 of the periodic table of 
the elements, more preferably a complex of a metal selected from the group consisting of copper, nickel, ruthenium and 
iron, particularly a copper complex. 
5 [0016] The radical-polymerizable olefin monomer for use in the present invention is preferably an a, p -unsaturated 
carboxyiic acid series monomer, more preferably a (meth) acrylic monomer, still more preferably an acrylic monomer, 
still more preferably an acrylate monomer, and most preferably butyl acrylate. 

[O017] Ttie initiator for atom transfer radical polymerization is preferably a functional group-containing organohalo- 
gen compound or a functional group-containing halosulfonyi compound, where the functional group is preferably a 
10 hydroxyl group or a hydrolyzable silyl group. 

[001 8] The present invention is further concerned with a polymer as obtainable by the method of the present inven- 
tion. 

[0019] The polymer as obtainable by the present invention is not particularly restricted but is preferably a polymer 
having a group of the general formula (4): 
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X H2 

c- 



wherein represents a divalent or polyvalent saturated hydrocarbon group containing 1 to 20 carbon atoms or a 
group of the general fomnula (5): 




(5) 



wherein R'* represents an oxygen atom, a nitrogen atom, or a divalent or polyvalent organic group containing 1 to 
20 cartoon atoms; R^ represents a hydrogen atom or a methyl group, and 4 R^s nnay be the same or different; 
r2 and R^ are the same or different and each represents a hydrogen atom or a methyl group; 
45 X represents halogen, a nitroxide group, a sulfide group or a cobalt porphyrin complex. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present invention is concerned with a method for polymer-polymer coupling in the living radical polym- 
so erization of a radical-polymerizable olefinic monomer which comprises adding a compound having at least two spar- 
ingly radical-polymerizable alkenyt groups during or after polymerization. 

[0021] The sparingly radical-polymerizable alkenyl group means an alkenyl group not activated by a cari^oxyl. phe- 
nyl or the like group, and may be any of a terminal olefinic group, an internal olefinic group and a cyclic olefinic group, 
although a temriinal olefinic group is preferred. 
55 [0022] The compound having at least two sparingly radical-polymerizable alkenyl groups to be thus added is not 
restricted but preferably a compound of the general formula (1): 
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C ( 1 ) 



wherein represents a divalent or polyvalent saturated hydrocarbon group of 1 to 20 carbon atoms or a group 
represented by the general fornnula (2): 

r5 r5 



-C— R*— C ( 2 ) 

R* R* 



wherein represents an oxygen atom, a nitrogen atom or a divalent or polyvalent organic group containing 1 to 
20 carbon atoms; R^ represents a monovalent group, preferably a hydrogen atom or a methyl group; 4 R^s may be 
the same or different; 

30 R^ and R^ are the same or different and each represents a hydrogen atom or a methyl group. 

[0023] The divalent or polyvalent saturated hydrocarbon group of 1 to 20 carbon atoms as mentioned above for R^ 
is not particularly restricted but includes alkylene groups such as methylene, ethylene, propylene, butylene, pentylene, 
etc. and trivalent saturated hydrocarbon groups such as methine, ethanetriyl, propanetriyi, etc. The divalent or polyva- 
35 lent saturated hydrocarbon group of 1 to 20 carbon atoms is not restricted to a straight-chain group but may be a 
branched-chain group or a cyclic group. 

[0024] When R^ is a saturated hydrocarbon group having a valence number of 3 or more, the compound repre- 
sented by the above general formula (1 ) has a structure such that an alkenyl group of the formula -C(R^)=CH2 branches 
out from R\ In such a branched alkenyl group, may be similar or dissimilar to and R^ in the formula (1 ). 

40 [0025] Referring to the general formula (2), R^ represents an oxygen atom, a nitrogen atom or a divalent or polyva- 
lent organic group containing 1 to 20 carbon atoms. The divalent or polyvalent organic group containing 1 to 20 carbon 
atoms is not particularly restricted but includes divalent organic groups such as -CH2-O-CH2-, -CH2-NH-CH2-, - 
CH2C(0)0-, phenylene, etc. and trivalent organic groups such as phenyllysine. The divalent or polyvalent organic 
group containing 1 to 20 carbon atoms may contain an oxygen and/or nitrogen atom and may also contain an aryl 

45 and/or heteroaryl group. 

[0026] When, in the above general formula (2), R^ represents a nitrogen-containing group, the compound of said 
general formula (1) may have a structure such that an alkenyl group of -C(R^)=CH2 branches out from the nitrogen atom 
of R'^. When R'' is a trivalent or polyvalent organic group, the compound of the general formula (1 ) has a structure such 
that one or more alkenyl groups of the formula -C(R^)=CH2 branch out from R"*. In such a branched alkenyl group, R^ 
so may be similar or dissimilar to R^ and R^ in the formula (1 ). 

[0027] The above R^ represents a monovalent group, preferably a hydrogen atom or a methyl group, and 4 R^s may 
be the same or different. The group represented by the above general fornnula (2) preferably includes the following; 



55 
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[O028] The compound having at least two sparingly radical-polymerizable alkenyl groups is more preferably a conn- 
pound of the general formula (1) wherein is an alkylene group of 1 to 20 carbon atoms, still more preferably a com- 
45 pound represented by the general formula (3): 



50 



H / \ 
c-^CHz^-C 

HoC^ ^ H 



(3 ) 



55 



wherein n is an Integer of 1 to 20. 
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[0029] The specific compound having at least two sparingly ra dical -poly me riz able alkenyl groups is not particularly 
restricted but includes, annong others, 1,5-hexadiene, 1 ,7-octadiene, 1 ,9-decadiene, 1 ,7-octadien-3-ol and its deriva- 
tives. 

[0030] The living radical polynnerization which is utilized in the practice of the invention is now described. 

5 [0031] The "living radical polymerization method" belongs to the category of radical polymerization technology 
which is hardly controllable because of the high polymerization velocity and the tendency toward termination owing to 
mutual coupling of radicals but is a method which is less liable to stop said reaction and gives a polymer with a narrow 
molecular weight distribution (Mw/Mn = ca 1.1 to 1.5) with the additional advantage that the molecular weight can be 
freely controlled by judicious selection of the monomer-initiator feed ratio. 

10 [0032] Thus, the "living radical polymerization method" Is not only capable of giving a polymer of narrow molecular 
weight distribution and low viscosity but also capable of introducing a monomer having a defined functional group sub- 
stantially into the desired position of the polymer and, in this sense, it is a more preferred method for producing a vinyl 
polymer having a defined functional group. 

[0033] It should be understood that while "living polymerization" in a strict sense of the temn means a polymeriza- 
15 tion reaction in which the molecular chain extends with its end continuing to be active, generally the temn Is also used 
to mean a pseudo-living polymerization reaction in which the molecule continues to grow while polymers with inacti- 
vated ends and polymers with activated ends exist in an equilibrium state. The latter definition applies to the present 
invention as well. 

[0034] The "living radical polymerization method" has been studied enthusiastically by many research groups in 
20 recent years. For example, the process using a cobalt porphyrin complex as described in Journal of American Chemical 
Society {J. Am. Chem. Soc). 116 . 7943 (1 994)), the process employing a radical scavenger, e.g. a nitroxide compound, 
as described in Macromolecules, 21, 7228 (1994), and the process using an organohalogen compound as the initiator 
and a transition metal complex as the catalyst which is called Atom Transfer Radical Polymerization (ATRP) can be 
mentioned. 

25 [0035] Among versions of the "living radical polymerization method", the "atom transfer radical polymerization proc- 
ess" using an organohalogen compound or a halosulfonyl compound as the initiator and a transition metal complex as 
the catalyst for the polymerization of a vinyl monomer offers the advantage, in addition to above-mentioned beneficial 
features of "living radical polymerization method" in general, that the terminal group involved is a halogen which is com- 
paratively advantageous for functional group transformation and provides for a greater freedom in the initiator and cat- 

30 alyst design and, therefore, this process is still more preferred for the production of a vinyl polymer having a defined 
functional group. The specific procedures for atom transfer radical polymerization are described in inter alia Matyjasze- 
wski et al.; Journal of American Chemical Society (J.Am. Chem. Soc.), ITT. 5614 (1995), Macromolecules, 28, 7901 
(1995), Science. 272, 866 (1996), WO 96/30421, WO 97/18247. and Sawamoto et al.: Macromolecules, 28, 1721 
(1995). 

35 [0036] It is virtually up to one's discretion which of the above alternative methods is employed for the practice of the 
present invention but in view of the ease of reaction control, the atom transfer radical polymerization method is pre- 
ferred. 

[0037] Among these living radical polymerization methods, the process using a radical scavenger such as a nitrox- 
ide compound is first described. For this polymerization reaction, a nitroxy free radical (=N-0 • ), which is stable, is gen- 

40 eralty used as a radical capping agent. Such a compound is not particularly restricted but includes nitroxy free radicals 
from cyclic hydroxylamines, such as 2,2,6, 6-substituted-1-ptperidinyloxy radicals and 2,2,5,5-substrtuted-1-pynrolidiny- 
loxy radicals. Suitable substituents are alky! groups of not more than 4 carbon atoms, such as methyl, ethyl, etc. Spe- 
cific nitroxy free radical compounds are not particularly restricted but include, among others, 2,2,6,6-tetramethyl-1- 
piperidtnyloxy radical (TEMPO), 2,2,6,6-tetraethyl-1-piperidinyloxy radical, 2,2,6,6-tetramethyl-4-oxo-1 -piperidinyloxy 

45 radical, 2,2,5,5-tetramethyl-1 -pyrrolidinyloxy radical, 1 ,l,3,3-tetramethyl-2-isoindolinyloxy radical and N,N-di-t-butylami- 
noxy radical. In lieu of nitroxy free radicals, other stable free radicals such as galvinoxyl free radicals can also be used. 
[0038] The radical capping agent is used in combination with a radical donor. It is suspected that as the reaction 
product of such a radical capping agent with a radical donor functions as a polymerization initiator, polymerization of an 
addition-polymerizable monomer proceeds. The relative amount of the two reagents is not particularly restricted but the 

50 molar ratio of radical capping agent to radical donor is preferably 1:(0.1 to 10). 

[0039] As the radical donor, a variety of compounds can be employed but it is preferable to use a peroxide which is 
capable of liberating a radical at the polymerization temperature. The peroxide is not particularly restricted but includes 
diacyl peroxides such as benzoyl peroxide, lauroyi peroxide, etc., dialkyi peroxides such as dicumyl peroxide, di-t-butyl 
peroxide, etc., peroxycarbonates such as diisopropyl peroxydicarbonate, bis{4-t-butylcyclohexyl) peroxydicariaonate, 

55 etc.; and alkyl peresters such as t-butyl peroxyoctoate, t-butyl peroxybenzoate, etc. The particularly preferred peroxide 
is benzoyl peroxide. Optionally, a radical-liberating azo compound such as azobistsobutyronitrile, for instance, may be 
used in lieu of said peroxide. 

[0040] As reported in Macromolecules, 2S, 2993 (1995), alkoxyamine compounds such as those shown below may 
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be used in lieu of the combination of a radical capping agent and a radical donor. 





[0041] In the polymerization reaction using an alkoxyamlne compound as the initiator, the use of a connpound hav- 
ing a functional group, e.g. a hydroxyl group as typically illustrated above, results in formation of a polymer terminally 
having the particular functional group. When such a compound Is used in the method of the present invention, a stellate 
polymer having functional groups in terminal positions is obtained. 

[00421 The monomer, solvent, temperature and other conditions for the polymerization reaction employing a radical 
scavenger such as said nitroxide compound are not particularly restricted but may be similar to the conditions for the 
atom transfer radical polymerization to be described below. 

[0043] Thus, the atom transfer radical polymerization method which is a still more preferred mode of the living rad- 
ical polymerization accoreiing to the present invention is now described. 

[0044] In the atom transfer radical polymerization method, an organohalogen compound, particularly an organohal- 
ogen compound having a highly reactive carbon-halogen bond [for example, an ester compound having a halogen atom 
on the a-carbon or a compound having a halogen atom on the benzyl group], or a halosutfonyl compound is used as 
the initiator The catalyst is a metal complex the central metal of which is selected from among the elements belonging 
to the group 7 8 9. 10 or 1 1 of the periodic table of the elements. As metal species, zero-valent copper, monovalent 
copper divalent ruthenium and divalent iron are particularly preferred. To mention specific examples, there may be 
cuprous chloride, cuprous bromide, cuprous iodide, cuprous cyanide, cuprous oxide, cuprous acetate and cuprous per- 
chlorate When a copper compound is used, there is added such a ligand as 2.2' -bipyridyl or a derivative thereof. 1,10- 
phenanthrophosphorus or a derivative thereof, an alkylamine such as tributylamine, or a polyamine such as tetrameth- 
ylethylenediamine pentamethyldiethylenetriamine, hexamethyltriethylenetetraamine or the like for improved catalytic 
activity Thetris(triphenylphosphine) complex of ruthenium (II) chloride (RuCl2{PPh3)3) is also a usual catalyst. When a 
ruthenium compound is used as the catalyst, an aluminum compound such as a trialkoxy-aluminum is added in order 
to improve its activity In addition, tris(triphenylphosphine) iron (II) chloride complex (FeCl2{PPh3)3) is also suitable cat- 
alysts. - - • * T 

[0045] In this polymerization process, an organohalogen or halosulfonyl compound is used as an initiator. To men- 
tion specific examples, there may be mentioned: 

CeHs-CHgX, C6H5-C(H)(X)CH3,C6H5-C(X)(CH3)2 

(in each of the above formulas, CgHs represents phenyl; X represents chloro, bromo or lodo), 
R«-C(H)(X)-C02R^.R®-C(CH3)(X).CO2R7.Re-C(H)(X)-C(0)R^Re-C{CH3)(X)-C(O)R^ 

(in each of these formulas, R® and each represents hydrogen or an alkyl. aryl or aralkyi group of up to 20 carbon 
atoms: X represents chloro, bromo or iodo), 
R^-C H -SO X 

(wherein R^ represents hydrogen or an alkyl. aryl or aralkyi group of up to 20 carbon atoms; X represents chloro, 
bromo or iodo). 



among others. * 
[0046] The use of an organohalogen or halosulfonyl compound having a functional group as the initiator is prefer- 
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able, for a polymer having the functional group introduced into the terminal position can then be easily obtained. As said 
functional group, there can be nnentioned an alkenyl group, a hydroxyl group, an epoxy group, ah annino group, an amide 
group or a siiyi group. In particular, the use of an initiator havlng'a hydroxyl group is preferred. However, when an initi- 
ator having an alkenyl group is used, a reaction similar to the coupling reaction according to the invention may take 

5 place between the polymer propagation end and the alkenyl group of the initiator. In such cases, since the number of 
polymer propagation ends may have been decreased as compared with the number of moles of the initiator at the time 
of addition of the coupling agent, the amount of use of the coupling agent should be selected taking this fact into con- 
sideration. The chief objective of using an initiator having an alkenyl group is to synthesize an alkenyl-terminated poly- 
mer, and for accomplishing this objective, it is preferable to add an excess of a compound like the coupling agent of the 

10 invention relative to the polymer propagation ends. 

[0047] The organ ohalogen compound having an alkenyl group Is not particularly restricted but includes, among oth- 
ers, compounds having a structure represented by the general formula (6): 

R^1r12c(x).r13.r14.c(R8)CH2 (6) 

15 

(wherein represents hydrogen or methyl; R^^ and R^^ e^ch represents hydrogen or an alkyi, aryl or aralkyi 
group of up to 20 carbon atoms or jointly represent a ring formed by coupling to each other at the other ends; R^^ 
represents -C{0)0- (ester group), -C(0)- (keto group), or an o-, m- or p-phenylene group; R"*^ represents a direct 
bond or a divalent organic group containing 1 to 20 carbon atoms and optionally containing one or more ether 
20 bonds; X represents chloro, bromo or iodo). 

[0048] In these compounds, the carbon to which the halogen is attached is bound to a carbonyl or phenyl group so 
that the carbon-halogen bond is activated to induce polymerization. 

[0049] The substituents R*" and R^^ each may be selected from among such specific groups as hydrogen, methyl, 
25 ethyl, n-propyl. isopropyl, n-butyl, pentyl and hexyl, among others. R^ and R'^ may optionally be coupled to each other 
at the other ends to form a cyclic skeleton, and, in such cases, -R^^-R^^- may for example be -CHgCHg-, -CH2CH2CH2- 
. -CHpCHpCHjCHj- or -CH2CH2CH2CH2CH2- . 

[0050] As specific examples of the organohalogen compound having an alkenyl group as represented by the gen- 
eral formula (6), there can be mentioned the following: 



30 



35 



40 



XCH2C{0)0(CH2)nCH=CH2, 
H3CC(H)(X)C(0)0(CH2)nCH=CH2. 
(H3C)2C(X)C(0)0(CH2)nCH=CH2. 
CH3CH2C(H){X)C{0)0(CH2)nCH=CH2, 




C02(CH2)nCH=CH2 



(in each of the above formulas, X represents chloro, bromo or iodo; n represents an integer of 0 to 20), 
XCH2C(0)0(CH2)nO(CH2)„iCH^CH2, 
H3CC(H)(X)C(0)0(CH2)nO(CH2)n,CH=CH2. 
(H3C)2C(X)C(0)0(CH2)nO(CH2)mCH=CH2. 
50 CH3CH2C(H)(X)C(0)0(CH2)nO(CH2)„iCH=CH2. 



55 
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C02(CH2)nO-(CH2)mCH=CH2 



(in each of the above formulas. X represents chloro, bromo or iodo; n represents an integer of 1 to 20. and m rep- 
resents an integer of 0 to 20). 
o, m. or p-XCH2-C6H4-(CH2)n-CH=CH2, 
o, m. orp-CH3C(H)(X)-C6H4-(CH2)n-CH=CH2, 
o. m. orp-CH3CH2C(H)(X)-C5H4-(CH2)n-CH=CH2. 

(in each of the above formulas, X represents chloro, bromo or iodo; In represents an integer ot 0 to 20), 

o. m. or p-XCH2-C6H4-(CH2)n-0-(CH2)fn-CH=CH2, 

o. m. orp-CH3C(H)(X)-C6H4-(CH2)n-0-(CH2)„rCH=CH2. 

o, m. orp-CH3CH2C(H)(X)-C6H4-(CH2)n-0-(CH2)m-CH=CH2, 

(in each of the above formulas. X represents chloro, bromo or iodo; n represents an integer of 1 to 20. and m rep- 
resents an integer of 0 to 20). 
o. m. orp.XCH2-C6H4-0-(CH2)n-CH=CH2. 
0. m. or p-CH3C(H)(X)-C6H4-0-(CH2)n-CH=CH2. 
o. m. or p-CH3CH2C(H)(X)-C6H4-0-(CH2)n-CH=CH2, 

(in each of the above formulas, X represents chloro. bromo or iodo; n represents an integer of 0 to 20). 

0. m. orp-XCH2-C6H4-0-(CH2)n-0-(CH2)m-CH=CH2. 

o. m, or p-CH3C(H)(X)-C6H4-O-(CH2)n-0-(CH2)fn-CH=CH2. 

o. m. or p-CH3CH2C(H)(X)-C6H4-0-(CH2)n-0-(CH2)m-CH=CH2. 

(in each of the above formulas, X represents chloro, bromo or iodo; n represents an integer of 1 to 20, and m rep- 
resents an integer of 0 to 20). 

[0051] As further examples of the organohalide having an alkenyl group, the compound of the general fomnula (7) 
can be mentioned: 

H2C=C(RS)-R^'*-C(R^^)(X)-R^^-R^2 (7) 

(wherein R^, \ R^^. R"""* and X are respectively as defined hereinbefore; R^^ represents a direct bond. -C(0)0- 
(ester group), -C(0)-(keto group), or an o-,m-or p-phenylene group). 

[0052J R^"* is a direct bond or a divalent organic group of 1 to 20 carbon atoms (optionally containing one or more 
ether bond). In case it is a direct bond, the vinyl group is bound to the carbon on which the halogen is present, so that 
an allyl halide compound is formed. In this case, the carbon-halogen bond has been activated by the adjacent vinyl 
group, so that it is not necessary for R^^ to have C(0)0, phenylene or the like. In case R^^ is not a direct bond. R is 
preferably a C(0)0. C(0) or phenylene group in order that the carbon-halogen bond may be activated. 
[0053] Specific examples of the compound of the general formula (7) are shown in the following: 

CH2=CHCH2X. CH2=C(CH3)CH2X. CH2=CHC (H) (X) CH3. 

CH2=C(CH3)C(H)(X)CH3.CH2=CHC(X)(CH3)2.CH2CHC(H)(X)C2H5, 

CH2=CHC{H)(X)CH(CH3)2,CH2=CHC(H)(X)C6H5.CH2=CHC(H)(X)CH2C6H5. 

CH2 =CHCH2C(H)(X)-C02R.CH2=CH(CH2)2C(H)(X)-C02R. 

CH2=CH{CH2)3C(H)(X)-C02R.CH2=CH(CH2)8C(H)(X)-C02R. 

CH2=CHCH2C(H){X)-C6H5, CH2=CH(CH2)2C(H)(X)-C6H5, 

CH2=CH(CH2)3C(H)(X)-C6H5, 

(In each of the above formulas, X represents chloro, bromo or iodo; R represents an alkyl, aryl or aralkyl group of up to 
20 carbon atoms). 

[0054] The halosutfonyl compound having an alkenyl group includes, among others: 
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0-, m-, or p-CH2=CH-(CH2)n-C6H4-S02X. 
0-. m-, or p-CH2=CH-(CH2)n-0-CeH4-S02X, 

(In each of the above formulas, X represents chloro, bronno or iodo; n is an integer of 0 to 20). 
5 [0055] When the initiator has an alkenyl group, the initiator olefin may also react with the polymer propagation end. 
Therefore, attention must be paid to polymerization conditions and reaction conditions for the olefin compound to be 
added, among other factors. For example, the addition of the olefin compound in an early phase of polymerization 
should be considered. 

[0056] The organohalogen compound having a crosslinkable stiyi group is not particularly restricted, but includes 
10 compounds having a structure represented by the general formula (8): 

R^lRl2c(X)-Ri3-Rl4-C(H)(R8)CH2-[Si(Rl6)2.b(Y)bO]m-Si(R'^)3-a(Y)a (8) 
(vvherein R®, R''\ R''^, R""^, R^"*. R^^, R^^, a, b, m, X and Y are respectively as defined above). 

15 

[0057] Specific examples of the compound of the general formula (8) are shown in the following: 

XCH2C(0)0(CH2)nSi(OCH3)3. CH3C(H)(X)C(O)O(CH2)nSi(0CH3)3. 
(CH3)2C(X)C(0)0(CH2)nSi(OCH3)3, XCH2C(0)0{CH2)nSi(CH3)(OCH3)2. 
20 CH3C(H){X)C(0)0(CH2)nSi(CH3)(OCH3)2, 
(CH3)2C(X)C(0)0(CH2)nSi(CH3)(OCH3)2 

(in each of the above formulas, X represents chloro. bromo or iodo; n represents an integer of 0 to 20), 

XCH2C(0)0(CH2)nO(CH2)n,Si(OCH3)3. 

H3CC(H)(X)C(0)0(CH2)nO(CH2)mSi(OCH3)3. 

25 (H3C)2C(X)C(0)0(CH2)nO(CH2)mSi(OCH3)3, 

CH3CH2C(H)(X)C(0)O(CH2)nO(CH2)mSi(OCH3)3, 

XCH2C(0)0(CH2)nO(CH2)^Si(CH3)(OCH3)2. 

H3CC(H)(X)C(0)0(CH2)nO(CH2)mSi(CH3)(OCH3)2, 

(H3C)2C(X)C(0)0(CH2)nO(CH2)mSi(CH3)(OCH3)2, 
30 CH3CH2C(H){X)C{0)0(CH2)nO(CH2)mSi(CH3)(OCH3)2, 

(in each of the above formulas, X represents chloro, bromo or iodo, n represents an Integer of 1 to 20; m represents 

an integer of 0 to 20), 

o, m, or p-XCH2-C6H4-(CH2)2Si(OCH3)3, 

o, m, or p-CH3C(H)(X)-C6H4-(CH2)2Si(OCH3)3. 
35 o, m, or p-CH3CH2C(H)(X)-C6H4-(CH2)2Si(OCH3)3, 

0, m, or p-XCH2-C6H4-(CH2)3Si(OCH3)3, 

o, m, or p-CH3C(H)(X)-C6H4-(CH2)3Si{OCH3)3, 

o, m, or p-CH3CH2C(H){X)-C6H4-(CH2)3SI(OCH3)3, 

o, m, or p-XCH2-C6H4-(CH2)2-0-(CH2)3Si(OCH3)3, 
40 o, m, or p-CH3C(H)(X)-C6H4-(CH2)2-0-(CH2)3Si(OCH3)3, 

o, m, or p-CH3CH2C(H)(X)-C6H4-(CH2)2-0-(CH2)3Si(OCH3)3, 

o, m. or p-XCH2-C6H4-0-(CH2)3Si(OCH3)3, 

o, m, or p-CH3C(H)(X)-C6H4-0-{CH2)3Si(OCH3)3, 

o, m, or p-CH3CH2C(H){X)-C6H4-0-(CH2)3Si(OCH3)3, 
45 o, m, or p-XCH2-C6H4-0-(CH2)2-0-(CH2)3Si(OCH3)3, 

o, m, or p-CH3C(H)(X)-C6H4-0-{CH2)2-0-(CH2)3Si(OCH3)3, 

o, m, or p-CH3CH2C(H)(X)-C6H4-0-(CH2)2-0-(CH2)3Si(OCH3)3, 

(in each of the above formulas, X represents chloro, bromo or iodo). 

50 [0058] The organohalogen compound having a crosslinkable sityl group further includes compounds having the 
structure represented by the general fomnula (9): 

{R^Va{Y)aSi-[OSi(R^Vb(Y)blm-CH2-C{H)(R8)-Ri^-C{R^i)(X)-Ri5.Ri2 (9) 

55 (Wherein R^, \ R^^, R^^, R^^, R^^ R"" a, b, m, X and Y are respectively as defined above). 
[0059] Specific examples of such compounds are shown in the following; 
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(CH30)3SiCH2CH2C(H){X)C6H5.(CH30)2(CH3)SiCH2CH2C(H)(X)C6H5. 
(CH3O)3SKCH2)2C(H)(X)-CO2R.(CH30)2(CH3)Si(CH2)2C(H)(X)-CO2R. 
(CH3O)3Si(CH2)3C(H)(X)-C02R.(CH30)2(CH3)Si(CH2)3C(H)(X)-CO2R. 
(CH30)3Si(CH2)4C(H)(X)-C02R.(CH30)2(CH3)Si(CH2)4C(H)(X)-C02R, 
(CH30)3Si(CH2)9C(H)(X)-CO2R.(CH30)2(CH3)Si(CH2)gC(H)(X)-CO2R. 
(CH30)3Si(CH2)3C(H)(X)-C6H5,(CH30)2(CH3)Si(CH2)3C(H)(X)-C6H5. 
(CH30)3Si(CH2)4C(H)(X)-C6H5.(CH30)2(CH3)Si(CH2)4C(H)(X)-C6H5. 

(in each of the. above formulas. X represents chloro. bromo or iodo; R represents an alkyl. aryl or aralkyl group of 
up to 20 carbon atoms). 

[0060] -me organohalogen compound or halosulfonyl compound having a hydroxyl group is not particularly 
restricted but includes the following, among others: 
H0-(CH2)n-OC(O)C(H)(R)(X) 

,5 (wherein X represents chloro. bromo or iodo; R represents hydrogen or an alkyl, aryl or aralkyl group of up to 20 

carbon atoms; n represents an integer of 1 to 20). 

[0061] The organohalogen compound or halosulfonyl compound having an amino group is nof particularly 
restricted but includes the following, among others: 
20 H2N-(CH2)n-OC(0)C(H)(R)(X) 

(wherein X represents chlofo. bromo or iodo; R represents hydrogen or an alkyl. aryl or aralkyl group of up to 20 
carbon atoms; n represents an integer of 1 to 20). 

25 [0062] The organohalide compound or halosulfonyl compound having an epoxy group is not particularly restricted 
but includes the following, among others: 



30 



35 



o 

(CHz)— O-JL^' 



R 



40 



(Wherein X represents chloro. bromo or iodo; R represents hydrogen or an alkyl, aryl or aralkyl group of 1 to 20 car- 
bon atoms; n represents an integer of 1 to 20). 

[00631 In order to obtain a polymer having two or more units of the olefinic temninal structure according to the inven- 
ts tion, it is preferable to use. as an intiator. an organohalogen compound or halosulfonyl compound having two or more 
initiation points. More particularly, there can be mentioned the following compounds as examples: 



50 



55 



X CH2-CSH4-CH2 — X 



CH3 .CHa CH3 CH, 



CH3 CH3 
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(wherein CeH4 represents a phenylene group; X represents chtoro, bromo or iodo), 

H H CHs CH, 

X— C (CHJ,-C X— C {CHa)„-C X 

COaR COjR COjtR COjR 

H H 

X— C (CH2)„-C X— C <CH2)rC— X 

COR COR COR COR 



20 

(wherein R represents an alkyi, aryl or aralkyt group of up to 20 carbon atoms; n represents an integer of 0 to 20; 
X represents chloro, bromo or iodo), 

25 CH3 CH3 
X— CH2-C-CH2— X X— CH-C— ChH-X X— C C— C— X 

n ID! 1 R 1 

O CH3 O CHa CH3 O CHa 

30 

X-CH-(CH2)„-CH-X 

35 



(wherein X represents chtoro, bromo or iodo; n represents an integer of 0 to 20), 

40 

o o 
H n 

X— CH2-C-O— (CH2)„ O-C-CHa— X 

45 

CH3 O O CH5 

I II I! I 

X— CH-C-0— (CH2)n 0-C— CH— X 

CH,0 OCH3 

X— C C-O— (CH2)„-0-C— C X 

55 CH3 CH, 
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15 



20 



25 



30 



35 



40 



45 



50 



55 



(wherein n represents an integer of 0 to 20; X represents chtoro", bromo oriodo). 

X— CHz-C C — CHg-X I I 

II II ^ x-CH-C— C-CH-X 

o o n II 

o o 



"-r-f-s-K-'" 

CHj O O CH3 

O O 

11 II 
ojrur- X — CHj-C-O— CeHU— O— C— CH2— X 

o/nj^ X — CH— c— o-<:6H4— o— C— CH — X 
CH3 O O CH3 

I li ft I 

o.«4^ X— c — c-o-HVU-o— c-c — ^x 

CHa CHj 
ojfvp- X — SO2— C«H4-S02— X 



(wherein X represents chloro, bromo or iodo). 

[00641 The polymerizable olefin monomer for use in this polymerization process is not particularly restricted but a 
variety of monomers can be employed. Moreover, because the polymerization schema involved is living polymenzation. 
a block copolymer can also be produced by serial addition of polymerizable monomers. As examples, there can be 
mentioned (meth)acrylic monomers such as (meth)acrylic acid, methyl (meth)acry[ate. ethyl (meth)acrylate. n-propyl 
(meth)acrylate isopropyl (meth)acrylate. n-butyl (meth) aery late, isobutyl (meth)acrylate. tert-butyl (meth)acrylate. n- 
pentyl (meth)acrylate. n-hexyl (meth)acrylate. cyclohexyl (meth)acrylate. n-heptyl (meth) aery late, n-octyl (meth)acr- 
ylate 2-ethylhexyl (meth) aery late, nonyl ( meth )acryl ate. decyl (meth)acrylate, dodecyl (meth) aery I ate. phenyl 
(meth)acrylate. tolyl ( meth )ac relate, benzyl (meth)acrylate. 2 -meth oxy ethyl (meth) aery I ate, 3 -meth oxy butyl (meth)acr- 
ylate 2-hydroxyethyI (meth)acrylate. 2-hydroxypropyl (meth)acrylate, stearyl (meth)acry[ate, glycidyl ( meth ) aery I ate 2- 
aminoethyl (meth)acrylate. y- ( meth ac ryloy I oxyp ropy l)tri meth oxy si lane, adduct of (meth)acr/lic acid and ethylene ox.de. 
trifluoromethylmethyt (meth) aery I ate. 2-trifiuoromethylethyl (meth)acrylate. 2-perfluoroethylethyl (meth)acrylate. 2-per- 
fluoroethyl-2-perfluorobutylethyl (meth)acrylate. 2.peniuoroethyl (meth) aery late, perfluoromethyt (meth) acryl ate. diper- 
fluoromethylmethyl (meth)acrylate. 2-perfluoromethyl-2-perfluoroethylmethyl (meth) aery late. 2-pertluorohexylethyl 
(meth)acrylate 2-perfluorodecylethyl (meth) acryl ate. 2-perfluorohexadecylethyl (meth)acrylate. etc.; styrenic mono- 
mers such as styrene. vinyttoluene. a-methylstyrene. chlorostyrene. styrenesulfonic acid and its salt; fluonne-contam- 
ing vinyl monomers such as perfluoroethylene. pertluoropropylene. vinylidene fluoride, etc.: silicon-contain.ng vinyl 
monomers such as vinyltrtmethoxysilane. vinyltriethoxysilane, etc.; maleic anhydride, maleic acid, monoallcyl esters and 
dialkyt esters of maleic acid; fumaric acid and monoalkyl esters and diaikyl esters of fumaric acid; maleimide monomers 
such as maleimide, methylmaleimide, ethylmaleimide, propylmaleimide. butylmaleimide. hexylmate.m.de. octylmale.m- 
ide dodecylmaleimide, stearylmaleimide. phenylmaleimide, cyclohexylmaleimide. etc.; nitrile-containtng vinyl mono- 
mers such as acrylonitrile. methacrylonitrile, etc.; amide-containing vinyl monomers such as acrylamide. 
methacrylamide. etc.; vinyl esters such as vinyl acetate, vinyl propionate, vinyl pivalate. vinyl benzoate. vinyl c.nnamate. 
etc ■ alkenes such as ethylene, propylene, etc.; conjugated dienes such as butadiene, isoprene, etc.; vinyl chlor.de. 
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vinytidene chloride, ally! chloride and ally! alcohol. These monomers may be used each alone or a plurality of them may 
be copolymerized. Among these monomers, a,p - unsaturated carboxylic acid series monomers are preferred in view 
of their high response to functional group-introducing reactions and their low glass transition temperatures. The more 
preferred monomers are (meth)acrylic monomers and the still more preferred are acrylic monomers. The particularly 

5 preferred monomers are acrylate monomers and the most preferred is butyl acrylate. 

[0065] Since the coupling reaction according to the present invention is particularly advantageous in the polymeri- 
zation of acrylic monomers as mentioned above, an acrylic monomer may be added as a comonomer advantageously 
in the course of polymerization of a different monomer or, more preferably, at the time of inducing a coupling reaction. 
[0066] The polymerization can be conducted in the absence of a solvent or in any of various solvents. The solvent 

10 is not particularly restricted but includes hydrocarbon series solvents such as benzene, toluene, etc.; ether series sol- 
vents such as diethyl ether, tetrahydrofuran, etc.; halogenated hydrocarbon series solvents such as methylene chloride, 
chloroform, etc.; ketone series solvents such as acetone, methyl ethyl ketone, methyl isobutyl ketone, etc., alcohol 
series solvents such as methanol, ethanol, propanol, isopropyl alcohol, n-butyl alcohol, tert-butyl alcohol, etc.; nitrile 
series solvents such as acetonitrile, propionitrile, benzonitrile, etc.; ester series solvents such as ethyl acetate, butyl 

15 acetate, etc.; and carbonate series solvents such as ethylene carbonate, propylene carbonate, etc., among others. 
These solvents can be used each alone or as a mixture of 2 or more species. 

[0067] The reaction temperature Is not particularly restricted but the polymerization reaction can be carried out 
within the temperature range of 0 to 200 °C, preferably 50 to 150 °C. 

[0068] In accordance with the present invention, a compound having at least two sparingly radical-polymerizable 

20 alkenyl groups is added in the course of such living polymerization or at the time of completion of the polymerization. 
By this addition, one of said at least two alkenyl groups reacts with one polymer propagation end to introduce the other 
unreacted alkenyl group. Therefore, this unreacted alkenyl group reacts with another polymer propagation end to effect 
coupling between the two polymer chain ends. The time of completion of polymerization Is the time when preferably at 
least 80%, more preferably at least 90%, of the charged monomer has reacted. 

25 [0069] The addition amount of the compound having at least two sparingly radical-polymerizable alkenyl groups in 
the present invention Is not particularly restricted but the amount of sparingly radical-polymerizable alkenyl functional 
group should not be more than equimolarto the propagation ends. If the addition amount is more than equimolar, only 
a limited number of the alkenyl groups available from said compound having at least two sparingly radical-polymeriza- 
ble alkenyl groups may react with the polymer propagation ends so that the polymer-polymer coupling may not proceed 

30 sufficiently: the addition of an equimolar or excess amount of said compound is suitable when the objective polymer is 
an alkenyl group -terminated polymer, but otherwise addition of more than an equimolar amount is preferably avoided. 
When the addition amount is too low, some propagation ends cannot undergo coupling, although this is permissible 
when only partial coupling is necessary. Therefore, the addition amount of said compound having two or more sparingly 
radical-polymerizable alkenyl groups is preferably 0.5 to 1 .0, more preferably 0.8 to 1.0, still more preferably 0.9 to 1.0, 

35 in terms of the ratio of alkenyl groups to the polymer propagation ends. 

[0070] The present invention is further concerned with a polymer as obtainable by the method of the present inven- 
tion. 

[0071] The polymer as obtainable by the method of the present invention is not particularly restricted but may for 
example be a polymer having a group represented by the following general formula (4): 

40 

X FT* H2 



45 




[wherein represents a divalent or polyvalent saturated hydrocarbon group containing 1 to 20 carbon atoms or a 
55 group represented by the following general formula (5): 
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5 



w 



25 



30 



R 

■C — R*— C ( 5 ) 

r5 is 



(Wherein represents an oxygen atom, a nitrogen atom, or a divalent or polyvalent organic group containing 1 to 
,5 20 carton atoms; represents a monovalent group, preferably a hydrogen atom or a methyl group, and 4 R s may 

be the same or different); R^ and are the same or different and each represents a hydrogen atom or a methyl 
group; X represents halogen, a nitroxide group, a sulfide group or a cobalt porphyrin complex]. 

[0072] B\ R2, R^. R"* and R^ In the above general formulas (4) and (5) are respectively as defined in the general 

20 formula (1). , □! 

[0073] The divalent or polyvalent saturated hydrocarbon group of 1 to 20 carbon atoms as mentioned above tor H 
is not particularly restricted but includes alkylene groups such as methylene, ethylene, propylene, butylene. pentylene. 
etc. and trivalent saturated hydrocarbon groups such as methine. ethanetriyl. propanetriyl. etc. The preferred are 
alkylene groups of the following formula: 



{-CH2)- 



(wherein n represents an integer of 1 to 20), From availability points of view, n is preferably equal to 2, 4 or 6. 
[0074] Refen-ing to the above general formula (5), represents an oxygen atom, a nitrogen atom or a divalent or 
polyvalent organic group containing 1 to 20 carbon atoms. The divalent or polyvalent organic group containing 1 to 20 
carbon atoms is not particularly restricted but includes divalent organic groups such as -CHg-O-CHg-, -CH2-NH-CH2-, 
35 -CH2C(0)0- phenylene. etc. and trivalent organic groups such as phenyllysine. R^ represents a monovalent group, 
preferably a hydrogen atom or a methyl group, and 4 R^s may be the same or different. The group represented by the 
above general formula (5) preferably includes the following: 



40 
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H2 H2 

— c— o— -c — 

H2 H H2 
— C — N — C 

H2 H2 H2 

— c — c — o— c — c — 



Hg Hg H H2 
C — C — N — C— C 



25 




O 

II H2 H2 

■c — c — c- 



30 



H2 



35 




(o.m.p) 

40 

[0075] Referring to the general formula (4), and are the same or different and each represents a hydrogen 
atom or a methyl group, although a hydrogen atom is preferred. X represents a halogen atom, a nitroxide group, a 
sulfide group or a cobalt porphyrin complex but, in view of the ease of production, is preferably a halogen atom. 
45 [0076] When R^ in the above general formula (4) is a trivalent or polyvalent group, the group of the formula (4) has 
the corresponding number of polymer chains. The number of such polymer chains is not particularly restricted but when 
it is 3 or more and the available polymer propagation end number is 2 or more, it is likely that the polymer forms a net- 
work structure to undergo gelation. 

[0077] The number of groups of the above general fomnula (4) per molecule of the polymer of the invention is not 
50 particularly restricted. 

[0078] The polymer produced in accordance with the present invention can be utilized in the fields of plastic mold- 
ing materials, plastic impact resistance improving agents, lubricating oil rheology modifiers, thermoplastic elastomers 
and so forth. In the case of a polymer having a terminal functional group, a cured product can be obtained by a 
crosslinking reaction utilizing the functional group as it is or after transformation thereof to a condensible silyl or other 
55 functional group. As specific uses for such polymers, there can be mentioned sealants, adhesives, self-adhesives, elas- 
tic adhesives, paints, powder coatings, foams, electric/electronic potting materials, films, gaskets, various molding com- 
pounds and artificial mart)le. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0079] The following examples illustrate the present invention ih further detail without defining the scope of the 
Invention. 

5 

Example 1 

[0080] A 30 mL glass reactor was charged with butyl acrylate (10.0 mL. 8.94 g. 69.75 mmol). copper (I) bromide 
(250 mg, 1.74 mmol), pentamethyldiethylenetriamine (0.364 mL. 302 mg. 1.74 mmol) and toluene (1 mL), and after 

10 degassing by decompression, the internal atmosphere was replaced with nitrogen gas. After thorough stirring, 2- 
hydroxyethyl 2 -brom ©propionate (3.44 mL. 1 .74 mmol) was added and the mixture was stirred under heating at 7rrC. 
After 75 minutes, 1 ,9-decadiene (0.14 mL. 1 09 mg. 0.78 mmol) was added and the mixture was heated at 70X with 
constant stirring for 7 hours. This mixture was treated with activated alumina. GPC analysis (polystyrene equivalent 
method) of the resulting polymer showed that the number average molecular weight and molecular weight distribution 

15 of the polymer immediately before addition of 1 .9-decadiene were Mn = 5600 and Mw/Mn = 1 .24, respectively, and that 
the number average molecular weight and molecular weight distribution of the final polymer were Mn = 7700 and 
Mw/Mn = 1 .37, respectively. 

Example 2 

20 

[0081] Under nitrogen in a 100 mL glass reactor, butyl acrylate (50.0 mL, 44.7 g, 348.9 mmol) was polymerized 
using diethyl 2,5-dibromoadipate (1.570 g, 4.36 mmol) as the initiator and copper (1) bromide and peniamethyldiethyl- 
enetriamine as the catalyst at 70 °C with stirring. After 100 minutes. 1 ,7-octadiene (0.64 mL. 480 mg, 4.36 mmol) was 
added and the mixture was further stirred under heating at 70 for 300 minutes. The mixture was treated with acti- 
os vated alumina. GPC analysis (polystyrene equivalent method) of the resulting polymer revealed that the number aver- 
age molecular weight and weight average molecular weight immediately prior to addition of 1 ,7-octadiene were Mn = 
1 04O0 and Mw = 131 00, respectively, and that the final number average molecular weight and weight average molecu- 
lar weight were Mn = 1 3600 and Mw = 19100, indicating the occun-ence of coupling reactions. 

30 INDUSTRIAL APPLICABILITY 

[0082] In the present invention, by adding a compound having at least two alkenyl groups in the molecule, as 
defined herein, to a living radical polymerization system in an amount corresponding to not more than an equimolar pro- 
portion of all<enyl functional group relative to polymer propagation ends, coupled polymers can be easily produced from 
35 various radical-potymerizable olefin monomers. The polymer produced from a radical-polymerizable olefin monomer by 
the technology of the present invention is stable because of the coupling of polymers via carbon-carbon bonding in a 
preferred mode and, moreover, the terminal groups have been well coordinated with the initiator. Therefore, the product 
polymer is useful for curable compositions and other applications. 

40 Claims 

1 . A method of effecting polymer-polymer coupling in the living radical polymerization of a radical-polymerizable olefin 
monomer 

45 which comprises adding a compound having at least two sparingly radical-polymerizable alkenyl groups during 

or after the polymerization. 

2. The method according to Claim 1 

50 wherein said compound having at least two sparingly radical-polymerizable alkenyl groups to be added is of 

the general formula (1): 



55 
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CHz 



(1 > 



wherein represents a divalent or polyvalent saturated hydrocarbon group of 1 to 20 carbon atoms or a group 
of the general formula (2): 



wherein represents an oxygen atom, a nitrogen atom or a divalent or polyvalent organic group containing 1 
to 20 cartjon atoms; represents a monovalent group, preferably a hydrogen atom or a methyl group; 4 R^s 
may be the same or different; and R** are the same or different and each represents a hydrogen atom or a 
methyl group. 

3. The method according to Claim 2 

wherein In the general formula (1) represents an alkytene group of 1 to 20 carbon atoms. 

4. The method according to Claim 2 or 3 

wherein the compound having at least two sparingly radical -p oly me riz able alkenyl groups to be added is of the 
general formula (3): 




(2 ) 




wherein n represents an Integer of 1 to 20. 



5. The method according to Claim 4 



wherein the compound having at least two sparingly radical-polymerizable alkenyl groups to be added is 
selected from the group consisting of 1 ,5-hexadiene. 1 ,7-octadiene and 1 ,9-decadiene. 
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6, The method according to any of Claim 1 to 5 

wherein the living radical polymerization is atom transfer radical polymerization. 

7. The method according to Claim 6 

wherein a catalyst for said atom transfer radical polymerization comprises a metal complex. 

said metal complex having the central metal selected from an element belonging to the group 7. 8. 9. l o or n 

of the periodic table of the elements. 

e. The method according to Claim 7 

wherein said catalyst for atom transfer radical polymerization is a complex of a metal selected from the group 
consisting of copper, nickel, ruthenium and iron. 

9. The method according to any of Claims 6 to B 

wherein an initiator for said atom transfer radical polymerization is a functional group-containing organohalo- 
gen compound or a functional group-containing halosulfonyl compound. 

1 0. The method according to Claim 9 

wherein said functional group is a hydroxy! group or a hydrolyzable silyl group. 

11. The method according to any of Claims 1 to 10 

wherein the radical-polymerizable olefin monomer is an a.p-unsaturated carboxylic acid series monomer. 

12. The method according to Claim 1 1 

wherein the radical-polymerizable olefin monomer is a (meth)acrylic monomer. 

1 3. The method according to Claim 1 2 

wherein the radical-polymerizable olefin monomer is an acrylic monomer 

14. The method according to Claim 13 

wherein the radical-polymerizable olefin monomer is an acrylate monomer. 

15. TTie method according to Claim 14 

wherein the radical-polymerizable olefin monomer is butyl acrylate. 

16. A polymer obtainable by the method according to any of Claims 1 to 15. 

1 7. The polymer according to Claim 1 6 having a group of the general fomnula (4) within its molecule: 



X 




H2 



C — R 



1 



(4) 




20 



/ 

EP 1 085 027 A1 



wherein represents a divalent or polyvalent saturated hydrocarbon group containing 1 to 20 carbon atoms 
or a group represented by the general fomnula (5); 

5 

I 4 ^ 

,0 C — R'— C ( 5 ) 

II 

r5 r* 

15 

wherein R* represents an oxygen atom, a nitrogen atom, or a divalent or polyvalent organic group containing 
1 to 20 carbon atoms; R^ represents a monovalent group, preferably a hydrogen atom or a methyl group, and 
20 4 R^s may be the same or different; R^ and R^ are the same or different and each represents a hydrogen atom 

or a methyl group; 

X represents halogen, a nitroxide group, a sulfide group or a cobalt porphyrin complex. 
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